he detection of psychotic disorder in the prodromal phases, coupled with specialized early interventions to prevent transition to overt psychotic disorder, has become the subject of an increasing amount of research and debate.^[@ref1]-[@ref8]^ Although this issue is by no means new,^[@ref9],[@ref10]^ it is only in the last few years that the outlines of a consensus, based on quantitative arguments, are becoming discernible. These will be discussed in this article, using data from several population-based investigations to illustrate the quantitative arguments.

Is there a rationale for schizophrenia prevention in the first place?
=====================================================================

The answer to this question is evident. If there is a way to prevent an illness that usually has a poor prognosis and starts in young adulthood, every effort should be made to put preventive measures into place. Work originating in Germany, the Netherlands, Norway, and elsewhere has suggested that a delay of about 1 year between the onset of positive psychotic symptoms and the initiation of treatment is not rare.^[@ref11]-[@ref13]^ From the patient\'s point of view this contributes not only to severe social stagnation and decline,^[@ref14],[@ref15]^ but also to severe mental suffering, thus providing a powerful rationale for prompt treatment immediately after the onset of the first psychotic episode. Another rationale for rapidly commencing treatment is the possibility that the longer the duration of untreated psychosis (DUP), the less effective treatment will be in the long term.^[@ref16],[@ref17]^ It is quite likely that part of the observed association between a longer DUP and neuropsychological deterioration is noncausal.^[@ref18],[@ref19]^ However, the mere possibility that prolonged episodes of psychosis impact negatively on longer-term outcome justifies the need for increased vigilance on the part of the clinician to identify prodromal symptoms.^[@ref20],[@ref21]^

However, the concept of screening and prevention in schizophrenia hinges on schizophrenia somehow manifesting itself before the onset of the disease. Therefore, the rationale for schizophrenia prevention, in terms of feasibility needs to be demonstrated first. Evidence has come from two lines of research. The first focused more on the expression of nonpsychopathological vulnerability over the course of development, and the second more on the expression of subclinical psychotic phenomena proximal to illness onset *([Figure 1](#DialoguesClinNeurosci-7-53-g001){ref-type="fig"}).*

![Prepsychotic expression of illness.](DialoguesClinNeurosci-7-53-g001){#DialoguesClinNeurosci-7-53-g001}

Research on developmental vulnerabilities long before onset
-----------------------------------------------------------

The first line of research had its focus on the developmental trajectories of children destined later to develop schizophrenia, and established that there were small, but detectable, group differences between the preschizophrenia children and their peers in terms of motor, social, and cognitive development.^[@ref22]^ Although the existence of such indicators of developmental vulnerability could in theory be used to initiate a selective prevention program, it soon became clear that although group differences were detectable between preschizophrenia children and their peers as early as 2 years of age, these differences were very small, with the great majority of preschizophrenia children scoring well within the normal range. This would make it all but impossible to predict prospectively, on the basis of such developmental indicators, if a child would develop schizophrenia.^[@ref23]^ For example, if, in a cohort of 5000 children, 20 children (0.4%) out of a total of 30 destined to develop schizophrenia have a value on a motor development variable below 40 on a scale of 1 to 100, and the children share this feature on the developmental motor variable with 2000 (40%) other children in the cohort, it can be readily seen that - although significant- the predictive value of this score will be too low for the purpose of screening and prevention. The only way to remedy this situation is to introduce, with the wisdom of hindsight, some post hoc selection criterion^[@ref24]^ that nevertheless would not have been available prospectively^[@ref25]^

Research on mental state vulnerabilities close to onset
-------------------------------------------------------

The second line of research should not be seen in isolation from the first, but a crucial difference is that the focus now is not so much on indicators of vulnerability expressed in parameters of motor, social, or cognitive development, but on parameters related to mental state and functioning in the period closer to the onset of the disorder, which, in the case of an actual illness onset, can retrospectively be labeled as prodromes of the illness. Careful follow-back studies of first-episode schizophrenia patients using instruments like the Interview for Retrospective Assessment of Schizophrenia (IRAOS)^[@ref26]^ have established that the great majority of first-episode patients displayed evidence of signs and symptoms up to 6 years prior to onset of the psychotic disorder.^[@ref27]^ Given the high rate of detectable prodromes in patients, the question arises of whether these prodromes could not have been used to identify individuals in the very early throes of psychosis, so that early treatment would have possibly aborted their further transition to full-blown psychotic disorder. In other words, if it is not possible to practice selective prevention in the developmental phase, would it be possible to practice indicated prevention in the prodromal phases *[Figure 2](#DialoguesClinNeurosci-7-53-g002){ref-type="fig"}?*

![Prevention of full-blown psychotic disorder.](DialoguesClinNeurosci-7-53-g002){#DialoguesClinNeurosci-7-53-g002}

So chizophrenia has detectable prodromes, but how many - if any - prodrome-like mental states exist in the general population and must we distinguish between prevalence and incidence?
=======================================================================================================================================================================================

Prevalence of subclinical psychotic experiences
-----------------------------------------------

While it may well be possible to diagnose, with the wisdom of hindsight, the presence of prodromes in patients with established disease, the real issue is to try to turn things around and establish prospectively whether individuals with mental state experiences that resemble prodromes (if indeed such individuals exist at all in detectable quantities) will go on to develop schizophrenia in the future. From this prospective perspective, prodrome-like mental states can best be labeled as subclinical psychotic experiences instead of prodromes, as prodromes can only be diagnosed a posteriori, after the onset of the psychotic illness. A crucial question then becomes what the rate is of such subclinical psychotic experiences in these populations. We are particularly interested in subclinical positive psychotic experiences, as arguably these, in contrast to the very subtle, subclinical expression of experiences resembling negative symptoms or formal thought disorder, should also be measurable with reasonable accuracy in healthy populations. Indeed, key variables used in early identification and prevention of psychotic disorder are so-called attenuated, brief, or limited, psychotic symptoms, as well as schizotypal signs and symptoms *([Figure 3](#DialoguesClinNeurosci-7-53-g003){ref-type="fig"}).* ^[@ref28]-[@ref35]^ Recent population-based research from the USA, France, the Netherlands, New Zealand, and Germany suggests that the lifetime prevalence of such subclinical psychotic experiences is very high.^[@ref35]-[@ref40]^ The data collected in the USA, New Zealand, Germany and the Netherlands are summarized together in *Table I*, as they used similar instruments across different age-groups and excluded psychotic phenomena due to drug use and physical illness. These studies show that the rate of subclinical psychosis is around 10% to 20%, depending on type of psychotic experience and age-group. The prevalence rate of psychotic experiences associated with distress is considerably lower at around 4%, although this figure is still much higher than the prevalence of nonaffective psychosis (less than 1%).

![Course of subclinical psychosis. Person **c** has a stable low level and person **d** a stable higher level of subclinical psychosis. Persons **a** and **b** have unstable levels, but person a never crosses the clinical threshold, whereas person **b** does. Person **e** has unstable levels, develops an attenuated psychotic experience that initially resolves, but later results in full-blown psychotic disorder. The psychotic disorder of person **e** could possibly have been prevented by intervening in the attenuated stage. BLIPS, brief limited intermittent psychotic symptoms.](DialoguesClinNeurosci-7-53-g003){#DialoguesClinNeurosci-7-53-g003}

###### Lifetime prevalences of DIS/CIDI subclinical psychotic experiences expressed in percentages. DIS, Diagnostic Interview Schedule; CIDI, Composite International Diagnostic Interview.

  **Country of study**    **No. of patients**   **Age (years)**   **Hallucinations**   **Delusions**   **Hallucinations and delusions**   **Remarks**
  ----------------------- --------------------- ----------------- -------------------- --------------- ---------------------------------- -------------------------------------
  USA^[@ref36]^           810                   18-64                                                  11%                                Rate for two or more
                                                                                                                                          symptoms was 4.2%
  New Zealand^[@ref35]^   761                   26                13%                  20%             \-                                 
                          761                   11                \-                   \-              14%                                
  Germany^[@ref38]^       2548                  17-28             5%                   16%             18%                                Rate for two or more
                                                                                                                                          symptoms was 7.3%
  Netherlands^[@ref39]^   7075                  18-64             6%                   9%              18%                                Regardless of presence of distress
                          7075                  18-64             2%                   3%              4%                                 With distress/help-seeking behavior

Incidence of subclinical psychotic experiences
----------------------------------------------

While the lifetime prevalence of subclinical experiences is important, the incidence is more relevant from the clinical viewpoint. Thus, trying to predict schizophrenia in somebody who had a psychotic experience 15 years ago is clinically less relevant than trying to predict schizophrenia in a person who, a week ago, had first-ever onset of a subclinical psychotic experience. It is perhaps surprising that, in spite of the fact that schizophrenia prevention is becoming increasingly more topical - even to the point of including individuals in randomized, controlled trials to prevent transition to full-blown psychotic disorder - virtually nothing is known about the epidemiological parameters of the mental state phenomena that are widely used to identify high-risk individuals. Only two studies, one in the USA^[@ref41]^ and one in Europe,^[@ref42]^ have attempted to quantify the incidence of psychotic experiences below the level of clinical disorder, both based on repeated measurements in a large general population sample. Given the fact that the incidence of schizophrenia as a clinical disorder is low at around 0.01% to 0.02%, the results of both studies are, similarly to the prevalence data shown above, in stark contrast, as the incidences found were 1% in the American study^[@ref41]^ and 2% in the European study^[@ref42]^ In other words, the incidence of subclinical psychosis is about 100 times more frequent than its clinical counterpart.

What does "transition" from subclinical to clinical mean?
---------------------------------------------------------

The high population prevalence and incidence rates of subclinical psychosis suggest that the psychosis phenotype exists in nature in a much more continuous state than the diagnostic manuals based on patients admitted to psychiatric hospitals would suggest.^[@ref43],[@ref44]^ Early detection clinics report "high-risk" individuals having 50% transition rates to "psychotic disorder"^[@ref45],[@ref46]^ over a 3- to 6-month period. However, making a diagnosis of psychotic disorder is not an exact science, it involves an arbitrary cutoff imposed on dimensional variations of psychopathology and the need for care over time. Gaining insight into the cognitive and biological factors that drive the dimensional variation, including therapeutic interventions, is arguably more useful than sterile dichotomous prediction models.

So, if the rate of subclinical psychosis is comparatively high, how predictable - if at all - is the transition to schizophrenia?
=================================================================================================================================

The significance of the high prevalence and incidence rates of subclinical psychotic experiences is that the ratio of subclinical/clinical is necessarily going to be very high: about 1:100 for incidence and about 1:20 for prevalence. In other words, for each 100 new onset cases of subclinical psychosis, only one case of nonaffective psychotic disorder is going to result: the predictive value is only 1%. Similarly, for each 20 individuals who have ever had a subclinical psychotic experience in their lives, only one is also going to have a lifetime diagnosis of nonaffective psychotic disorder: the diagnostic value is only 5%. In other words, if incident subclinical psychotic experiences were going to be used as a test to screen for incident psychotic disorder in the general population, 99% would be rated false-positive, and if prevalent subclinical psychotic experiences were going to be used as a test to screen for prevalent psychotic disorder, 95% would be rated falsepositive.

The diagnostic value and the predictive value of subclinical psychotic experiences in the general population studies have, until very recently, never been formally tested. In a European longitudinal, general population study, Hanssen et al^[@ref47]^ assessed the diagnostic value of subclinical psychotic experiences by quantifying how many individuals with a lifetime subclinical psychotic experience also had a lifetime diagnosis of affective or nonaffective psychotic disorder. They found that the diagnostic value for any subclinical psychotic experience was 8%.^[@ref47]^ The same authors assessed the 2-year predictive value of new onset subclinical psychotic experiences on later new onset of affective or nonaffective psychotic disorder and found that this also was 8% - as this was calculated over 2 years the 1-year predictive value would be 4%. This latter finding was somewhat surprising, as the predictive value of 4% is much higher than the expected 1% described above. The reason for the discrepancy was that affective and nonaffective psychotic disorder in this general population sample were combined into a single category with a higher rate than the traditional 0.01% to 0.02% schizophrenia incidence. In addition, the high incidence of psychotic disorder in general population studies, as opposed to treatment samples, is well known^[@ref35],[@ref41]^ and can be taken to prove that case definition on the basis of treatment introduces a degree of treatment bias, also known as Berkson bias, in psychiatric incidence studies.^[@ref48]^

Given predictive and diagnostic values of 4% to 8 %, how effective would prodromal intervention be if a treatment with a 50% success rate existed?
==================================================================================================================================================

Let us very optimistically assume that, given the 4% predictive value described above, a treatment existed that could be applied in the prodromal phase and would abort transition to full-blown psychotic disorder in 50% of treated cases. If we wished to apply this treatment on the basis of a screening program for subclinical psychotic experiences in the general population, how many people who screened positive would need to be treated to prevent one case of psychotic disorder? This can be calculated quite simply as 0.04 (the predictive value) x 0.5 (the treatment success rate) =0.02 or, in other words, for every 100 cases who screened positive for subclinical psychosis and received treatment, 2 transitions would be prevented. In other words, the number needed to treat^[@ref49]^ would be 50 and, more importantly, the number needed to inconvenience would be 49, ie, 49 individuals would needlessly receive treatment. Clearly, such figures indicate that early intervention in the general population is not feasible, at least not on the basis of the subclinical psychosis screening criterion. However, even if a screening criterion existed with a 25% predictive value, the number needed to inconvenience would still be 7 *(Table II*)- unacceptably high given the ethical rules surrounding screening in most countries^[@ref50]^ and given the fact that antipsychotic treatments may not be without side effects.^[@ref51]-[@ref53]^

###### The number of people screening positive for subclinical psychotic experiences who needed to be treated to prevent one case of full-blown psychotic disorder, as a function of the predictive value of the test and the success rate of the prodromal treatment in preventing transition to fullblown psychotic disorder.

  **Predictive value (%)**   **Treatment success rate (%)**   **Number needed to treat**   **Number needed to inconvenience**
  -------------------------- -------------------------------- ---------------------------- ------------------------------------
  5                          25                               80                           79
  5                          50                               40                           39
  20                         25                               20                           19
  20                         50                               10                           9
  50                         25                               8                            7
  50                         50                               4                            3

For screening and prevention of schizophrenia, not much can be done with predictive and diagnostic values of 4 of 8 %. Cans these values be improved?
=====================================================================================================================================================

The conclusion so far has been very simple: it is very difficult to predict or diagnose a rare disease in the general population on the basis of a test resembling some precursor phenomenon. Is it possible to improve on this state of affairs? The answer to this question is yes, and the strategy to follow is to change schizophrenia from a rare disease to a common disease: if instead of 1%, the prevalence of schizophrenia were 50%, the predictive value of any test, even pointing at random to a person with one\'s eyes closed, would be at least 50%, clearly a much more attractive situation epidemiological than the 8% probability reported above. As of course the incidence and prevalence of schizophrenia cannot be changed, some indirect manipulation must be employed in order to make the disease more "predictable." Below, three possible strategies will be described.

Raising the rate of schizophrenia by changing the context of risk
-----------------------------------------------------------------

In the previous sections, the predictive and diagnostic values of a single predictor, subclinical psychotic experiences, were examined. However, if there are other predictors, and their effects are additive, the predictive value will increase accordingly, as illustrated in *[Figure 4](#DialoguesClinNeurosci-7-53-g004){ref-type="fig"}.* The problem with this strategy, however, is that although the combination of predictors into a single criterion will make schizophrenia more predictable, it will also apply to fewer patients *(Figure 4).* For example, if a family history of schizophrenia is used as an additional criterion for prediction, the maximum proportion of all future schizophrenia patients that can be predicted is 20%, as only 20% of all patients with schizophrenia have a positive family history. Therefore, the more predictors one combines, the greater the probability that a transition to psychotic disorder is going to take place in the near future, but also the greater the probability that this is not relevant for the bulk of schizophrenia cases that one is trying to prevent from occurring. In the case of a deadly disease for which a curative treatment existed in the prodromal phase, the strategy of combining predictors to enhance specificity at the expense of sensitivity would be disastrous, as one would need to reduce the number of false-negatives to an absolute minimum. However, in the case of schizophrenia, it could be argued that, given the fact that uncertainty exists about the type and effectiveness of treatments in the prodromal phase,^[@ref54]^ and that the disease is not rapidly fatal, the goal should be to err on the side of reduction in false-positives rather than false-negatives, so as not to unnecessarily burden and/or stigmatize healthy individuals.

![Making schizophrenia more predictable (but for fewer patients), Predictor **A** is the presence of subclinical psychotic experiences, which previous research has shown increased the 1 -year risk of schizophrenia by 4%. As the majority of patients with schizophrenia (around 90%) displayed such subclinical experiences as part of the prodrome, 90% of all schizophrenia should theoretically be predictable if this criterion were used. However, if a family history of schiozphrenia were used (predictor **B**), only 20% of all schizophrenia would be predictable, given that only 20% of patients have a family history, Therefore, although the application of predictor **C** (the combination of subclinical psychosis and a positive family history) greatly increased the 1-year predictive value, only a small proportion of all schizophrenia would be predictable with the criterion.](DialoguesClinNeurosci-7-53-g004){#DialoguesClinNeurosci-7-53-g004}

Raising the rate of schizophrenia by changing the quality of the subclinical psychosis
--------------------------------------------------------------------------------------

Although the majority of research efforts in the field of early identification and prevention made use of the presence of subclinical psychotic experiences (attenuated, brief, or otherwise subclinical psychotic experiences) to predict transition to full-blown psychotic disorder, work pertaining to the field of cognitive psychology predicts that the prognosis of subclinical psychosis also depends on associated features, such as the amount of subclinical psychosis, degree of associated distress, tendency to experience negative emotions (neuroticism) , comorbid depression, and coping.^[@ref55]-[@ref58]^

A recent series of publications pertaining to the Netherlands Mental Health Survey and Incidence Stduy (NEMESIS) clarified the issue of context of the subclinical psychotic experience in relation to the later onset of psychotic disorder. In this study a randomly selected general population cohort was interviewed with the Composite International Diagnostic Interview (CIDI)^[@ref59]^ three times (T0 T1 and T2) over a period of 4 years, and individuals with suspected psychotic symptomatology were reinterviewed by clinicians over the telephone.^[@ref39],[@ref44],[@ref60],[@ref61]^ Given the longitudinal design, it was possible to identify a group of individuals who at T0were free of any lifetime clinical or subclinical psychotic experiences and who at T1 had developed first-onset, incident subclinical psychotic experiences. The individuals with T1 incident psychosis were subsequently seen again at T2, 2 years later, and assessed for new onset of psychotic disorder. As reported above, the probability of developing a first-ever onset of psychotic disorder given the presence of a firstever onset of a subclinical psychotic experience 2 years earlier was 8%. However, this risk could be modified substantially depending on a range of characteristics associated with the subclinical experience *(Table III).* ^[@ref2]^ For example, the number of incident subclinical psychotic experiences as well as their quality in terms of associated depression and distress or help-seeking behavior raised the predictive values considerably up to 500%, as did the presence of high levels of neuroticism, cannabis use, low cognitive ability, and subjective reports of impact on functioning *(Table III).*

###### Predictive value of incident subclinical psychotic experiences on incident affective and nonaffective psychotic disorder 2 years later as a function of associated characteristics of the predictor.^[@ref42]^ CI, confidence interval. \*These data were not reported in reference 42, but were analyzed specially for the purpose of this paper; for methods see reference 42. \# A proxy measure of cognitive ability (educational attainment) was used.

  **T1 predictor**                                                                             **2-year predictive value for psychotic disorder**   **95% CI**
  -------------------------------------------------------------------------------------------- ---------------------------------------------------- ------------
  Subclinical psychotic experience                                                             8%                                                   6.8-8.4
  Subclinical psychotic experience + some degree of distress or help-seeking                   14%                                                  14.5-16.8
  associated with experience\*                                                                                                                      
  Subclinical psychotic experience + depressed mood                                            15%                                                  13.6-15.8
  More than one subclinical psychotic experience                                               21%                                                  19.8-22.3
  More than one subclinical psychotic experience with low mood                                 40%                                                  38.5-41.5
  Subclinical psychotic experience and some degree of subjective impairment of functioning\*   16%                                                  14.5-16.8
  Subclinical psychotic experience and cannabis use\*                                          13%                                                  11.5-13.5
  Subclinical psychotic experience and lower cognitive ability\*\#                             13%                                                  11.5-13.5
  Subclinical psychotic experience and high neuroticism\*                                      12%                                                  11-13

Although these results may seem encouraging, a comparison with the data in *Table II* will make it clear that even these higher predictive values come nowhere near an acceptable trade off between successful abortions of transition to psychotic disorder and numbers needed to inconvenience. They nevertheless provide valuable clues to the dynamics of the onset of psychotic disorder, which may be useful, if not at the level of the general population, certainly at the level of mental health care.

Raising the rate of schizophrenia by sample enrichment strategies
-----------------------------------------------------------------

The sample enrichment strategy basically consists of the creation of a sample with many people at risk by selectively filtering them out over a range of consecutive referral processes starting in the general population, through to general practioners (GPs) , mental health services, and the early detection clinic. The sample enrichment strategy is undoubtedly the most widely used approach in the early intervention literature, but possibly also the worst understood, in that the high predictive values obtained in sample enrichment studies are often wrongly attributed to some instrument with supposedly high predictive values, whereas in reality they are a function of the sample enrichment strategy itself. For example, several authors have suggested that the high "transition rate" to psychotic illness in individuals exhibiting psychosis-like symptoms is between 40% and 70%, thanks to the use of some prodromal-rating instrument,^[@ref34],[@ref45],[@ref46],[@ref62],[@ref63]^ advocating the use of such instruments in order to reduce transition to full-blown illness. However, closer inspection of these data is required, as illustrated by the following example.

In a recent publication, Klosterkotter et al^[@ref63]^ reported a follow-up study of 160 young individuals who were considered to be at risk of developing psychotic illness. The signs and symptoms used to predict transition to schizophrenia were from a list of "basic symptoms."^[@ref64]^ The presence of any of the baseline basic symptoms was used as a test to predict the onset of psychosis over a mean follow-up period of 9.6 years. The main results are presented in *Table IV:* the risk of developing schizophrenia, given the presence of a basic symptom described by Huber et al,^[@ref64]^ was 77/110 (70%). Therefore, these data apparently predicted the onset of schizophrenia over a 9-year period with 70% accuracy! The question, however, is whether this high predictive accuracy can be completely attributed to these basic symptoms, or whether instead other factors are more important. In reality, only a minor proportion of the predictive value can be attributed to the basic symptoms, because most can be ascribed to the very high baseline rate of schizophrenia in this sample. As can be seen in *Table IV,* the final rate of schizophrenia in this sample was 79/160 (49%). The conclusion from this is that by chance alone, any subject in this study had a nearly 50% probability of developing schizophrenia anyway. In other words, the predictive value of any factor, whether it be basic symptoms, sex, color of the eyes, or any other random variable, would have been at least 50%. Thus, the role of the basic symptoms was to raise the predictive value modestly from 50% to 70%, not to fully cause a predictive value of 70%. Instead of the predictive value of basic symptoms, the real noteworthy element of the remarkable study by Klosterkotter et al^[@ref63]^ lies in the fact that the authors succeeded in creating a series of sophisticated selection processes that led to a final enriched sample of individuals with a 50% probability of developing schizophrenia over the 9.6-year period. This selective enrichment process involved the existence of special interest groups at German university psychiatry departments, with an interest in young people who posed a challenge with regard to a possible diagnosis of schizophrenia. Such a center "attracts" a highly enriched sample of individuals at risk of schizophrenia through a series of selection processes, as illustrated in *Table V* Individuals in the general population developing illness behavior visit the GR The GP refers those with suspected severe mental disorder to the general mental health services. The general mental health services refer those with suspected schizophrenia onto the specialist university department. With each referral from one level to the next, a selection process takes place creating "enriched" samples that are progressively more likely to contain individuals who are likely to develop schizophrenia. Other groups wishing to replicate the German findings in their own setting, must therefore not only use the basic symptom scale, but, much more importantly, replicate exactly the same sample enrichment strategy to yield a sample with a 50% probability of developing schizophrenia. In addition, rather than a posteriori, any additional contribution of basic symptoms to the predictive value needs to be replicated prospectively in a fresh sample at the start of sampling enrichment procedure. If the results hold after these replications, the basic symptoms,^[@ref64]^ or instruments used in Melbourne, Australia,^[@ref46]^ or New Haven, Conn,^[@ref45]^ may possibly be used to modestly raise the predictive value from 50% to 70% in samples enriched with schizophrenia risk. In *Table V*, the effect of using measures such as Basic Symptoms or other high-risk instruments at other levels in the sample enrichment procedure with more diluted samples and therefore lower rates of (future) schizophrenia is shown. The predictive values were calculated using the DIAGTEST procedure in the STATA statistical program, version 8,^[@ref65]^ at various levels with their corresponding best estimate rates of schizophrenia. The DIAGTEST procedure in STATA provides the predictive values based on Bayes\' theorem. As can be seen in *Table IV* in the general population, the basic symptoms would not yield a positive predictive value (PPV) of 70%, but of only 1.4%, and at other levels in the sample enrichment procedure the predictive values were also much lower.

###### Predictive value of basic symptoms of schizophrenia in a 9.6-year follow-up of 160 young individuals.^[@ref63]^

                              **Outcome**                         **Total**
  ----------- --------------- ----------------- ----------------- -----------
                              **Psychosis +**   **Psychosis -**   
  **Test**    **Symptom +**   **77**            **33**            **110**
              **Symptom -**   **2**             **48**            **50**
  **Total**                   **79**            **81**            

###### Positive predictive value (PPV) of basic symptoms at different levels along the pathways of mental health care with varying schizophrenia prevalences. \*These figures were reported by Klosterkotter et al, 2001,^[@ref63]^ In the other rows, the PPV has been adjusted for the change in prevalence, all else remaining the same.

  **Care pathway level**        **Prevalence of schizophrenia**   **PPV of basic symptoms**^64^
  ----------------------------- --------------------------------- -------------------------------
  General population            0.6%                              1.4%
  Primary care                  2.0%                              4.7%
  Mental health outpatients     7.0%                              15.3%
  Specialized university        50%\*                             70%\*
  department with special                                         
  interest in schizophrenia\*                                     

Thus, reports of high PPVs in schizophrenia on the basis of mental states or other risk factors can be attributed to the high baseline rates of schizophrenia in the samples used, created through a series of selection procedures in the sampling process^[@ref34],[@ref45],[@ref46],[@ref63]^ or, sometimes, the statistical^[@ref62]^ procedure used.^[@ref25],[@ref66]^ These selection procedures contribute to exciting and clinically relevant findings. However, almost invariably a large proportion of the predictive values are wrongly attributed to the various predictors used rather than to the selection procedures that resulted in higher prevalence or incidence rates of schizophrenia and hence a higher baseline predictive value. The consequence of this confusion is that clinicians attempting to use such findings in their practice may erroneously focus on the predictors rather than the sampling enrichment selection procedure itself. In addition, the high predictive values reported in the literature are often based on a posteriori optimization algorithms in the sample at the end of the sample enrichment filtering procedure. The correct procedure would be to demonstrate its validity a priori in a prospective investigation at the beginning of the sample enrichment procedure.

Of course, the sample enrichment strategy, similarly to the other strategies to raise the prevalence of schizophrenia that were discussed earlier, suffers from the limitation that only a tiny proportion of all detectable schizophrenia cases in the general population will be identified for early treatment in this way. The great majority of prodromal schizophrenia will never make it through the various selection procedures from the decision to visit the GP, subsequent GP referral to mental health outpatients, and from there to the specialized prodromal clinic- they will only come to the attention of mental health services *after* having developed the first acute psychotic episode, not *before.* Although it is true that prevention of even 1% of all transitions to schizophrenia would constitute an important result from the clinical viewpoint, one may nevertheless question whether specialized early intervention clinics can ever be made cost-effective, given competing demands for funding.^[@ref67]^

Do people with preschizophrenia wish to be «detected»?
======================================================

In the previous sections, it was demonstrated that screening at the level of the general population is not useful from a methodological viewpoint, as diagnostic and predictive values would remain too low. However, screening in the general population may also be ethically unsound as one may well violate the person\'s right "not to know" that one has (a risk for) a mental illness. This problem may be overcome by screening individuals who demonstrate subclinical psychotic experiences at the level of mental health outpatient services instead of the general population level. To screen at the mental health services\' level would not only result in much higher predictive values as seen above, but would have the additional advantage that such individuals would already have acknowledged a need for help for a mental health problem. This strategy would result in less danger of stigmatization in the case of a false-positive test result or of violating the right "not to know" in the case of a true positive test result. In fact, the only way to go about screening for schizophrenia in not only a methodologically but also an ethically responsible fashion, would be to screen for schizophrenia in individuals who are already seeking mental health care: the prevalence of schizophrenia in this population is sufficiently high to make screening feasible and they would already have developed the hypothesis that they may need help for a problem to do with their mental health. Even then, however, there may be a risk that, as people become more focused on the culture of detection and prevention of schizophrenia, the cultural change itself would result in increasing numbers of people receiving (pre) schizophrenia diagnoses, similar to the recent fashionable reduction in the diagnostic threshold for attention deficit-hyperactivity disorder (ADHD) and autism spectrum disorder in children, and multiple personality disorder in adults.

So far, all we have seen are high-risk strategies that may prevent transition to full-blown psychotic disorder in an tiny proportion of all preventable schizophrenia: can\'t we do better than that?
=====================================================================================================================================================================================================

The prevention paradox
----------------------

The problem with the high-risk strategies described so far is what has been called the prevention paradox.^[@ref68]^ At the heart of the paradox lies the observation that preventing a small number transitions to psychotic disorder is possible without being able to affect transition of the large number of all other preventable schizophrenia. In other words, the *high-risk* groups used for screening and prevention are not very representative of all preventable schizophrenia, and focusing on the *low-risk* groups would therefore have a much higher preventive yield.

The strategy to focus on everybody at risk, regardless of whether their risk is high or low, is a form of *universal prevention* or *population prevention.* An example of this type of intervention is to raise the price of alcoholic beverages to reduce traffic accidents. Raising the prices of alcohol reduces alcohol consumption in the whole population. Raising prices therefore affects not only the few problem drinkers, who are most at risk for traffic accidents, but also the much more prevalent group of moderate drinkers. Although the problem drinkers are more at risk of traffic accidents than the moderate drinkers, most alcohol-related accidents are not caused by the few problem drinkers, but by the much more prevalent group of moderate drinkers, whose individual risk may be lower than the problem drinkers, but whose impact on the total population rate of traffic accidents is higher simply because there are many more moderate drinkers than problem drinkers.

In the field of schizophrenia, the analogy with the alcohol paradigm lies in increasing the permeability of the "filters along the pathway to mental health care."^[@ref69]^ These "filters" refer to the hurdles that a prospective patient, with a newly developed psychotic illness, will encounter before coming into contact with a qualified mental health professional *([Figure 5](#DialoguesClinNeurosci-7-53-g005){ref-type="fig"}).* The first filter on the pathway to mental health care is the development of awareness on the part of the patient and his or her family and friends that there are psychotic experiences resulting in behavior necessitating consultation with a health professional, who is usually the GP. The next filter is the ability of the GP to detect the early symptoms of psychotic illness, resulting in an accurate provisional diagnosis. The next filter comprises the GP\'s decision to refer the patient to the appropriate mental health services. Once in contact with the services, many patients with psychotic illness will pass the filter and move on to the next level, which is admission to hospital. If the permeability of the filters can be increased, the whole population, regardless of whether their risk for psychosis is high or low, will experience a greater accessibility to mental health services and therefore to the possibility of schizophrenia prevention.

![Figure 5. Filter model of psychotic symptoms and psychotic disorder. GP, general practitioner. Reproduced from reference 69: Goldberg D, Huxley P. *Mental Illness in the Community.* London, UK: Tavistock Publications; 1980. Copyright © Tavistock Publications, 1980.](DialoguesClinNeurosci-7-53-g005){#DialoguesClinNeurosci-7-53-g005}

How the permeability of these filters can be influenced was demonstrated in a Norwegian study^[@ref70],[@ref71]^ In this study an extensive public information campaign was conducted to educate the general population, schools, and health professionals alike, regarding the signs and symptoms associated with early psychosis and the long-term benefits of early referral, diagnosis, and treatment. An observation of this study was that, compared with the period prior to the campaign, the incidence of reported psychotic illness increased to approximately 40% with an associated reduction in the time taken for initiation of treatment or DLJP,^[@ref70],[@ref71]^ suggesting that the campaign had caused a relatively large increase in the permeability of the filters along the mental health care pathway Similar improvements in mental health care have also been corroborated by an Australian study^[@ref72]^ and a Canadian study^[@ref73]^ The significance of these studies was to demonstrate that the filters could be made more permeable so that more early psychosis came earlier in contact with services.

The great advantage of the universal prevention approach is that it will make people come to mental health services rather than the other way round, reducing the inherent risk of stigmatization and falsely labeling individuals. Another advantage is that previous work has shown that individuals whose subjective subclinical experiences are not objectively recognized by the clinician nevertheless have a higher risk of transition to psychotic disorder^[@ref74]^ - under the universal prevention strategy these individuals can also be encouraged to seek help at the level of mental health care more easily. However, the cost-effectiveness of these public health campaigns and the extent to which the patients referred were in the throws of a brief psychotic state that would have resolved naturally anyway remains to be elucidated. Another risk with this approach is that services will become flooded by individuals with all types of mental health complaints, many of which are not in need of treatment, let alone treatment in the context of schizophrenia prevention.

A more restrictive campaign approach would be to target general practices only Bak and colleagues^[@ref75]^ described a much more limited information campaign among GPs who were offered a possibility of rapid, low-threshold referral service for patients with early psychosis in an urban setting. These authors also reported an increase in referrals compared with the precampaign period.

Another more restrictive approach would be to combine the universal with the high-risk sample enrichment strategy by making the filters more permeable, while at the same time putting restrictions into place so that only those who are most likely to carry schizophrenia risk would rise more easily through the filters on the pathway to mental health care and come into contact with a specialized early intervention clinic. This could be done, for example, by focusing community educational campaigns very restrictively on psychosis and its prodromes.

If rare disorders are so difficult to predict, why not make the process more efficient and use subclinical psychosis to predict psychotic disorders and also the much more prevalent nonpsychotic disorders?
============================================================================================================================================================================================================

The NEMESIS study demonstrated that the predictive value of subclinical psychotic experiences remains low even if affective and nonaffective psychotic disorders are combined into a single outcome category because of lack of specificity^[@ref42]^ However, this very lack of specificity may be an advantage in public health terms, as it raises the possibility of strategies to predict and prevent a range of psychiatric disorders, not just schizophrenia.^[@ref76]^ Thus, the predictive efficiency of subclinical psychosis may be enhanced considerably if it used to not only predict psychotic disorder, but also a range of other disorders such as depression and anxiety, which, according to recent research, are also moderately strongly comorbid with psychosis.^[@ref77],[@ref78]^ Using the three interview waves (T0, T1, and T2) of the NEMESIS data discussed above, we calculated the predictive value of first-ever onset subclinical psychotic experiences at T1 on T2 incidence of *Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised (DSM-III-R)* depressive disorder, anxiety disorder, alcohol or drug misuse, and any nonpsychotic disorder, alone and in combination with T2 incident affective and nonaffective psychotic disorder. This revealed that predictive values for nonpsychotic disorder were lower than the 8% predictive value for psychotic disorder, with the exception of depression (predictive value: 13%). Combining psychotic and nonpsychotic disorder outcome categories only raised predictive values by a small amount *(Table VI).*

###### Predictive values, using the three waves of the Netherlands Mental Health Survey and Incidence Study (NEMESIS) (T0, T1, and T2) of T1 incident subclinical psychotic experiences on T2 incident disorders. CI, confidence interval.

  **T2 predicted outcome**       **Predictive value of T1 incident subclinical psychotic experiences (95% CI)**
  ------------------------------ --------------------------------------------------------------------------------
  Psychotic disorder             8% (6.8, 8.4)
  Depressive disorder            13% (11.6, 13.9)
  Anxiety disorder               4% (3.7, 5.0)
  Alcohol/drug misuse disorder   6% (5.4, 7.1)
  Any nonpsychotic disorder      7% (5.5, 7.4)
  Combined depressive disorder   15% (13.8, 16.0)
  and psychotic disorder         
  Combined anxiety disorder      9% (7.6, 9.4)
  and psychotic disorder         
  Alcohol/drug misuse disorder   10% (8.7, 10.5)
  and psychotic disorder         
  Any disorder                   7% (5.5, 7.4)

Conclusion
==========

The area of early intervention and prevention of psychotic illness is certainly exciting and brings a muchneeded focus to the underfunded mental health services for the severely mentally ill. On the other hand, a range of epidemiological and ethical issues remain to be addressed. Similarly, it has been pointed out that early detection and good early treatment need to go hand in hand,^[@ref5]^ and unfortunately the evidence base for so-called phase-specific treatments at this time remains very limited, offering little guidance.^[@ref54]^ Lastly, cost-effectiveness data remain wanting. Therefore, the following conclusions can be drawn:

-   Early detection clinics report "high-risk" individuals having 50% transition rates to "psychotic disorder" over a 3- to 6-month period. However, making a diagnosis of psychotic disorder is not an exact science: it involves an arbitrary cutoff imposed on dimensional variations of psychopathology and the need for care over time. Gaining insight into the cognitive and biological factors that drive the dimensional variation, including therapeutic Interventions, Is arguably more useful than sterile dlchotomous prediction models.

-   Screening In the general population for at-risk mental states Is useless: a rare disease such as schizophrenia cannot be predicted using prevalent predictors. In fact, depressive disorder can be better predicted by subclinical psychotic experiences than psychotic disorder itself (although for depression the predictive value also remains much too low to be useful for screening purposes).

-   Screening predictive values can be improved substantially by manipulating the sample rate of (future) schizophrenia, but the price to be paid is high as large numbers of false-negatives will be created, which will remain permanently "undetectable." The sample enrichment strategy (creating samples with many people at risk by selectively filtering them out over a range of consecutive referral processes starting In the general population, through to GPs, mental health services, and the early detection clinic) Is the most commonly used strategy to Improve screening predictive values, but these Improvements are equally commonly wrongly attributed to the use of some predictive instrument that supposedly identifies high-risk individuals.

-   If one considers that cost-effectiveness considerations should not stand in the way of clinicians attempting to help people at risk of making the transition to psychotic disorder, the epidemiologically and ethically most viable way for screening and early detection is to selectively increase the permeability of the filters on the pathway to mental health care. This will occasion samples of help-seekers enriched with schizophrenia risk at the level of mental health services (reduction of false-positive rate), while at the same time making an attempt to "attract" as many detectable schizophrenia prodromes as possible through the filters along the pathway to mental health care (reduction of false-negative rate).

-   Although the feasibility usefulness, and cost-effectiveness of screening and early detection remains uncertain, clinicians continue to be regularly faced with the difficult decision of whether or not to treat an early psychosis-like state. Research in early psychosis has yielded some useful suggestions in that it is becoming increasingly clear that not just psychosis by itself, but rather the clinical context of the psychotic experience determines risk for transition to schizophrenia. Thus, risk for transition to full-blown psychotic disorder is to a large degree predicted by size of psychosis "load," comorbid distress and depression, cannabis use, cognitive ability, and subjective reports of impairment and coping.
